Introduction
Cognitive tasks are routinely administered by psychologists to assess a range of mental abilities. Two tasks that are extensively employed during psychological research studies are the Tower of Hanoi (credited to Édouard Lucas, 1883) and Corsi Block tasks (Corsi, 1972) . The Tower of Hanoi task has been widely used with children, adolescents and adults (e.g. Guevara, Martinez, Aguirre, & Gonzalez, 2012 ) from both general (Welsh & Huizinga, 2005) and clinical (Gimenez, et al. 2003; Vakil, Hassin-Baer, & Karni, 2014) samples. Similarly the Corsi Block task has been employed with children, adolescents and adults (e.g. Carvalho et al., 2014; Piccardi, et al., 2008) in both normative (Shah, Prados, Gamble, De Lillo, & Gibson, 2013) and clinical (Stoffers, Berendse, Deijen, & Wolters, 2003) populations. In recent years, researchers and practitioners have employed new (i.e. digital) technologies in order to test cognitive performance, often replacing traditional equipment based testing (Groves, 2011) . Therefore, it is important to consider whether the new electronic based testing is equivalent to the traditional method of cognitive task administration.
Previous research has suggested that complex processes, such as reading medical information, can be completed equally well regardless of whether the information is presented on paper or on a computer screen. However, interestingly users' subjective ratings suggest that they preferred the paper format (Holzinger, Searle, Wernbacher, 2011) . This indicated that even when information displayed digitally is processed as effectively as information on a computer screen, non-computerized versions can still be preferred. With regard to delivering cognitive testing in a computerized form research has suggested that using digital versions can have some advantages over traditional paper and pencil or apparatus based testing. For example, Chua (2012) found that participants took a shorter time to complete the tests and had higher levels of motivation when completing computer based compared to pen and paper based tasks. However, digital testing differs from noncomputerized testing in a number of ways. First, participant responses to cognitive tasks will be presented on a flat computer screen and so will display a 2D representation of the task.rather than the traditional wooden 3D apparatus form. Comparisons between traditional and computer based cognitive testing have revealed that computer based tasks may place greater cognitive demands on participants, with participants often reporting a higher workload for tasks presented on screen (Hart & Staveland, 1998; Noyes, Garland, & Robbins, 2004) . As both the Tower of Hanoi and the Corsi Block tasks are thought to involve processing in the frontal lobes and be specially related to working memory functioning (Goela, Pullara, & Grafman, 2001; Vandierendonck, Kemps, Fastame & Szmalec, 2004; Welsh, Satterlee-Cartmell, & Stine, 1999) , increases in cognitive load as a result of presentation mode could impact on task performance. ) or
The second difference between traditional and digital cognitive tasks is the manner in which the participants makes a response. When using 3D apparatus the participant will receive a hapic experience has they can feel and handle the apparatus. The hapic experience is missing from when participants use indirect input device (such as a mouse or a keyboard).
Research exploring presentation mode has found that the computerized Tower of Hanoi task using indirect input yielded more successful completion but that participants required more moves to achieve this. This may suggest that different strategies are being employed when the task is presented in a traditional or computerized form (Noyes & Garland, 2003) .
Research investigating computer mediated presentation of the Corsi Block task has identified no difference in performance when completing traditional or computerized tasks using indirect input devices (Nelson, Dickson, & Baños, 2000) . However, these studies considered computerized tests which used indirect input devices such a mouse. Relatively little is known about the impact of using tablet based technologies, where a direct (i.e. touch screen) surface is used.
Touch screen technology has become increasing prevalent in recent years (Atkinson, 2008; Zickuhr, 2013) . The use of touch screen cognitive testing has therefore become increasing possible. However, important physical, (Straker, et al., 2008) and behavioral (Chung, 2015) differences have been observed when people use direct (touch screen) compared to indirect (mouse or keyboard) input devices which may impact on or task performance Generally, touch screen technologies, which use finger touch on a sensitive screen, are thought to require less hand-eye coordination than input via a mouse or keyboard (Shneiderman, 1991) . Further, touch screen technologies appear to offer a more immersive experience as the user can directly interact with the objects on the screen. This means that touch screen technologies are intuitive and so the user does not need to be computer literary in order to use them (Holzinger, 2003; Siegenthaler, Bochud, Wurtz, Schmid & Bergamin, 2012) . Therefore, the impaired cognitive load previously reported as a result of computer use may not be evident in when using touch screens for responses.. Indeed, it has been observed that patients with mild cognitive dysfunction found touch screen technology easier to use than other computer input devices (Deguchi, Kono, Deguchi, Morimoto, Kurata, et al. 2013) .
Furthermore, touch screen responses may influence other factors known to affect working memory. Changing indirect input devices for touch screen technologies has been shown to impact on the way in which people interact with digital devices (Toy, Peres, David, Nery & Phillips (2012) with people who use touchscreen devices feeling higher levels of engagement with computer based tasks such as online shopping (Chung, 2015) . In addition, if factors such as fatigue (van der Linden, Frese, & Meijman, 2003; Wästlund, Reinikka, Norlander, & Archer, 2005) or mood (Phillips, Bull, Adams & Fraser, 2002) are impacted by touch screen use then this may impact on the cognitive resources available to complete a cognitive task.
).
In summary, previous research has considered the extent to which mode of presentation (i.e. traditional versus indirect input computer) can affect cognitive task performance. However, in recent years, tablet use (using direct input touch screens) has become particularly widespread and so the current study compares participant performance and perceptions of traditional wooden and touch screen based cognitive task presentation.
Specifically, the current study compared electronic and wooden versions of the Tower of Hanoi and Corsi Block tasks. In the current study all participants were naive to the cognitive tasks employed as previous research has shown that cognitive task experience can lead to enhanced performance (Williams & Noyes, 2007) . Furthermore, other factors which may influence performance such a handedness, gender and competence with tablet computers were considered.
Method

Design
A 2 (Task: Tower of Hanoi, Corsi Block) X 2 (Form: traditional, tablet) repeated measures design was implemented. The order of presentation was counterbalanced using a Latin square design.
Participants
Men (N =18) and women (N = 42) aged 18-49 yrs (M = 25.93, SD = 7.68) were opportunity sampled from the University of Central Lancashire. All participants had similar educational backgrounds (educated to first year degree level), reported high levels of familiarity with tablet technology and were naive to the Tower of Hanoi and Corsi Block tasks. Fifteen participants self-identified as left-handed.
Materials
Demographic questionnaire: Participants were asked to state their age, gender, handedness and prior experience using tablet computers.
NASA-TLX Perceived Workload Questionnaire (Hart & Staveland, 1988) : The NASA-TLX measures perceived workload on six visual analogue scales (mental demand, physical demand, temporal demand, effort, performance and frustration). The scale was amended to include a seventh visual analogue scale for enjoyment. Participants place a mark along the 10 cm line to express their perceived level of workload. The length (in millimeters) from the start of the line to the cross is measured with a minimum score of 0 to a maximum score of 100. A higher score indicates a higher perceived level of workload or enjoyment.
Tower of Hanoi Task: The five disk version of the Tower of Hanoi task consists of three pegs arranged in a line and five disks of decreasing sizes. At the start of the task, all disks are stacked on one peg, with the largest disk at the bottom, and the remaining disks stacked in decreasing size. The goal of the task is to move all disks to the end peg via the central peg following a set of rules. The rules state that (a) you can only move one disk at a time (b) a larger disk cannot be placed on a smaller disk and (c) all disks must remain on a peg unless they are being moved. The experimenter records the number of moves made and the time taken to complete the task. Noyes and Garland (2003) note that the puzzle can be completed in a relatively short amount of time with only 31 moves needed to solve the puzzle. Two versions of the Tower of Hanoi task were used in the present study. The first was a traditional wooden version and the second was a tablet version displayed on an iPad. In the iPad version participants selected the disk they wished to move by touching the screen where it was located. They then dragged the disk with their finger along the screen to the location of the peg they intended to move the disk to. The electronic version is produced by Hong (2011) and was downloaded from the iTunes store. Consistent with previous studies using the Tower of Hanoi task (e.g. Noyes & Garland, 2003) , no assistance was provided to participants who experienced difficulties with the task.
Corsi Block Task (Corsi, 1972) : The apparatus for the traditional wooden version of the Corsi Block task consisted of a series of nine blocks (3 cm cubed) arranged irregularly on a 23 x 28 cm board. The blocks were tapped by the experimenter in a pre-set randomly generated order at a rate of one block per second. The participant was then asked to repeat the sequence immediately after the experimenter had finished. The experimenter started with a two-block sequence and increased this by one block if participants correctly remembered the sequence in one or more of the two trials undertaken. If the participant got two trials incorrect for one sequence, the task was terminated. The block span was calculated as the longest sequence where the participant recalled at least one trial sequence correctly. The electronic version of the Corsi Block task was displayed on an iPad. The on screen 'finger' pointed to the routine which was to be followed. Participants then touched the screen with their finger.
The iPad version of the task was created by Darby (2011) and downloaded from the iTunes store.
Procedure
Participants completed an initial demographic questionnaire. Participants then completed both electronic and wooden versions of the Tower of Hanoi and Corsi Block tasks.
The order of task delivery was randomised using a Latin square design. Participants completed a NASA-TLX questionnaire after each task to monitor the perceived difficulty (i.e. workload) and enjoyment of the tasks and overall performance. No financial incentives were provided for participation.
Results
Factors previously found to impact on Tower of Hanoi and Corsi Block task performance were first considered. Comparisons (independent samples t tests) between left and right handed participants revealed that right-handed participants completed the electronic Tower of Hanoi task more quickly (t(58) = 2.04, p <.05, d=0.54) and in less moves (t(58) = 2.62, p <.05, d=0.69) than left-handed participants. No other significant differences were observed. See Table 1 for the descriptive statistics (means and standard deviations). A series of independent t-tests exploring the effects of gender, tablet confidence (median split of high and low) found no effects on any of the tasks examined (p <.05). Correlational analysis suggests that span length on Corsi block task was highly correlated between the electronic and wooden version (r=.39, p<.01). Performance (number of moves) was highly correlated on both versions of the Tower of Hanoi task (r=.37, p<.01).A series of independent t-tests was undertaken to compare performance order (whether participants undertook the electronic or wooden version of the two tasks first. No differences were found in performance or time taken on either the Tower of Hanoi or the Corsi block tasks (p <.05). Table 2 shows the descriptive statistics (means and standard deviations) for the two task presentations. Paired samples t-tests showed no difference in performance (number of moves needed to complete the task) between the traditional and tablet versions of the task (t(59) = -.13, p = .90). The time taken to complete the electronic version of the task was however significantly shorter than the traditional version (t(59) = 3.56, p = .01, d=0.93). Participants found the traditional wooden version of the Tower of Hanoi task to be more mentally (t(59) = 2.59, p = .01, d=0.67) and physically demanding (t(59) = 4.37, p <.01, d=1.14) and more enjoyable (t(59) = 2.21, p = .03, d=.58). There was no difference in the extent to which participants found the tasks temporally demanding (t(59) = .56, p =.58), frustrating (t(59) = 1.29, p =.20), effortful (t(59) = 1.88, p =.07) or their perceived performance (t(59) = -.57, p =.57).
Participant performance on the traditional wooden and electronic versions of the Corsi Block tasks and participant's perceptions of the two tasks was considered. Table 3 shows the descriptive statistics (means and standard deviations) for the two task presentations. Perceived performance (t(59) = -1.43, p =.16), frustration (t(59) = -1.11, p =.91) and enjoyment (t(59) = -1.17, p =.25) were also similar.
Discussion
The suggests that researchers and practitioners should focus on number of moves as an outcome for this task rather than time taken. Interestingly, some differences were observed in the subjective workload reported by participants. The traditional tasks were rated as more physically demanding than their tablet based counterparts. In addition, the traditional version of the Tower of Hanoi task was rated as being more enjoyable as well as being more mentally demanding. Finally, two factors previously found to impact on task performance, gender and experience using tablet computers did not appear to influence task performance. However, handedness did effect performance on the Tower of Hanoi task when delivered in tablet form, with right-handed individuals performing the task more quickly and in less moves than left handed participants.
An important difference between the current study and previous research investigating computer presentation is the input device used. Previous studies reporting higher levels of workload for tasks presented on screen have used indirect input devices such as a computer mouse (Hart & Staveland, 1988; Noyes, et al., 2004) . It is possible that in those studies the use of an indirect input device was associated with an increased cognitive load i.e.
participants employed some of the limited working memory resources available to use the input device and hence these resources were not directed at the cognitive task. In contrast, touch screens appear to be easier to use and more intuitive than indirect input devices (Holzinger, 2003; Siegenthaler et al., 2012) . Hence, there may be no additional cognitive load demands placed on participants when using the tablet versions of the Tower of Hanoi and Corsi Block tasks.
Other factors which may affect working memory function and so may impact on working memory dependent cognitive task performance were examined. Self-reported subjective workload results gave no indication that tablet versions of the tasks increased fatigue (van der Linden, Frese, & Meijman, 2003; Wästlund et al., 2005) , with higher levels of physical demand attributed to the traditional wooden versions of both the Corsi Block and
Tower of Hanoi tasks. Interestingly, the traditional wooden version of the Tower of Hanoi task was also associated with more enjoyment. Though mood has previously been associated with impairments in cognitive performance (Phillips et al., 2002) none were apparent in this study. Increased enjoyment by participants using the traditional apparatus could however lead to better participant engagement and continued participation. Additional work investigating the impact of mood on performance is recommended.
Another interesting finding was that left-handed people performed worse than righthanded participants on the electronic version of the Tower of Hanoi task. Holzinger, Scherer and Ziefle (2011) suggest that as the majority of computer users are right-handed, then designers may layout items on the screen in a way which is more intuitive for right-handers.
This may then place left-handed people at a disadvantage when completing cognitive tasks.
Alternatively, poorer performance on the Tower of Hanoi task in left-handed participants may reflect the higher levels of state anxiety displayed by left-handed people in novel situations (Wright, & Hardie, 2012) and the disruption of visuospatial working memory caused by anxiety (Shackman et al., 2006) .Future research may further compare the performance of left and right-handed participants on novel tablet based tasks.
Cognitive tests are typically administered in an experimental or clinical offline environment. The present findings suggest that cognitive tasks could also be administered via tablet computers either online or offline. Administration of cognitive tasks via tablet technologies may offer the researcher a number of practical advantages. For example, tablet based delivery may facilitate access to a wider and more ecologically valid sample (Musch & Reips, 2000) . Indeed, in recent years, there has been an increase in the use of online surveys to target populations that are difficult to access (Andrews, Nonnecke, & Preece, 2003) or have shared motivations or interests (Wright, 2002) . This form of data collection is time and
cost effective and appears to produce data that is comparable to or of higher quality (e.g.
fewer missing values) than offline studies (Llieva, Baron, & Healey, 2002; Stanton, 2006; Yun & Trumbo, 2000) . In part, this may reflect the use of automatic scoring and coding systems, which can reduce experimenter error.
Limitations
The current study was reliant on a Western undergraduate sample reporting high levels of familiarity with tablet based technologies. Future studies should therefore seek to replicate these results with a more diverse sample. In particular, regional and cultural differences occur with regards to tablet focused anxiety (Pruet, Ang, & Farzin, 2015) and attitudes towards tablets and desktop computers (Sung & Mayer, 2012) , which may each influence task performance or engagement. Caution should also be exercised when extrapolating findings to older populations. Older adults can have age-related cognitive and physical difficulties which can impact on their ability to use touch screen technology (Caprani, O'Connor, & Gurrin, 2012) . However, Holzinger, Searle & Wernbacker (2001) suggest that an important factor to consider is an individual's previous exposure to technology, known as the PET factor. Studies have shown that older adults are less likely to use technology than the younger generation (Caprani,et al. 2012 ) but short periods of practice can result in proficiency (Kobayashi, Hiyama, Miura, Asakawa, Hirose et al. (2011) .
Therefore future research should investigate administration of cognitive tasks in tablet form to a more elderly population who maybe more unfamiliar with this technology and look at the impact of training.
This form of presentation may have a number of practical advantages, for example, more accessible delivery to people with motor impairments (perhaps as a result of a stroke, Deguchi et al. 2013) . Indeed tablet based technologies may actually be more user friendly to an older populations as they require less motor dexterity and are less physically demanding than the traditional wooden versions. Though the use of tablet based technologies with older populations undergoing neurocognitive testing has been examined (Makizako, et al., 2012) , further research is needed to ensure that tablet based testing is adapted for the physical needs of an older populations (Vasconcelos, Silva, Caseiro, Nunes, & Teixeira, 2012 ).
The present study employed two cognitive tasks i.e. the Tower of Hanoi and Corsi Block tasks and findings have important implications for the use of these tasks which are widely administered to a range of populations (e.g. Carvalho, et al., 2014; Guevara et al., 2012) . Results may not however be generalizable to other cognitive tasks. Future research may for example consider compare physical and computerised versions of variations of these tasks such as the Cyclic Towers of Antwerpen (Minsker, 2014) and Tower of London (Shallice, 1982) problems. Similarly, researchers may investigate the extent to which mode of presentation influences tasks assessing a wider range of cognitive abilities (e.g. memory, decision making). In future it may be interesting to look at the latent-level equivalence of the tasks and look to compare participant's tasks performance with a standardized measure of STM or WM.
To conclude, the current study investigated participant experiences of traditional and tablet based versions of the Tower of Hanoi and Corsi Block tasks. Mode of presentation did not impact on performance for either the Tower of Hanoi or Corsi Block task, though performance on the traditional version of the Tower of Hanoi task was significantly faster than the electronic version. Hence, tablet based cognitive tasks present a viable option to researchers seeking a practical alternative to traditional offline presentation. Indeed, the use of tablet based measures has important advantages compared to traditional formats (e.g. sustainability, data storage and coding, access to participants) and thus may be preferable.
